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FOREWORD 

Presen ta t ion  of the North A m e r i c a n  Aviation 
Fac i l i t y  P l a n ,  P h a s e  A ,  Segment  I of the Apollo space -  
c r a f t  is i n  acco rdance  with p a r t  4 of Program Man- 
agement  pa rag raph  4. 5. 3 .  1. 2 and is r equ i r ed  by 
a r t i c l e  I - A  of cont rac t  NAS 9-150. 
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C- 

IN T RO DU C T ION 

This  P r e l i m i n a r y  Fac i l i t i e s  P l a n  is an  outline 
documentation of planned fac i l i t i es  requi red  for  the 
Apollo spacec ra f t  p rog ram.  Th i s  presenta t ion  w i l l  
be implemented with an  o r a l  briefing. Char t s ,  plot  
p l ans ,  and i l lus t ra t ions  w i l l  be used to  define exis t ing 
and new a r e a s .  The fac i l i t i es ,  r e s o u r c e s ,  and 
capabi l i t ies  of North Amer ican  Aviation, Inc. , wil l  
be used  in per formance  of the Apollo p rogram.  
Space and Information S y s t e m s  Division has  a t  i t s  
d i sposa l  special ized faci l i t ies  avai lable  in  the o ther  
NAA operat ing divisions.  

The  

The faci l i t ies  and capabili ty of the subcont rac tors  
and a s s o c i a t e  cont rac tors  wil l  be uti l ized to the 
m a x i m u m  extent possible  in accordance  with the 
r equ i r emen t s  of the p rogram,  
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I. FACILITIES 

SUMMARY 

The Space and Information Sys tems Division will  cen t r a l i ze  the Apollo 
p r o g r a m  management ,  r e s e a r c h ,  engineer ing,  and manufacturing ac t iv i t ies  
i n  its ma in  plant in  Downey, where environmental ly  control led a r e a s ,  
l abo ra to r i e s  , and suppor t  functions will  be located.  
p ro j ec t  management  and engineering a r e a s  will be  adjacent .  The f ines t  t e s t  
fac i l i t i es  will be employed i n  the development and qualification tes t ing of the 
spacecraf t .  In addition to  Nor th  Amer ican ’ s  t e s t  fac i l i t i es ,  it i s  proposed t o  
m a k e  max imum prac t i ca l  u se  of government,  subcon t rac to r ,  and  suppl ier  
t e s t  faci l i t ies  with min imum modification. 

T o  a8sure t eamwork ,  

APOLLO FACILITIES SUMMARY 

The Apollo spacec ra f t  and i t s  support  equipment will be developed, 
designed,  and manufactured by the Space and Information Sys tems Division 
of North Amer ican  Aviation, Inc . ,  a t  A i r  F o r c e  P lan t  No. 16 ,  located ju s t  
e a s t  of Los Angeles in  Downey, California.  This  indus t r ia l  complex,  
provided under  A i r  F o r c e  faci l i t ies  cont rac t ,  AF 33(038)-9546, occupies 
164 a c r e s  of land and  h a s ,  a t  p re sen t ,  over  1 .5  mil l ion s q u a r e  feet  of 
cove red  f loor  space.  This  facility is readi ly  a c c e s s i t l e  to  land,  s e a ,  and 
a i r  t ranspor ta t ion .  All buildings and outlying faci l i t ies  a r e  interconnected 
with concre te  o r  blacktop r o a d s ,  runways,  and ap rons  for  e a s e  in movement  
of l a r g e  spacec ra f t  and weapons sys t ems .  A planned evacuation by the 
Autonetics Division f r o m  the Downey plant i s  now in p r o g r e s s ,  and reloca-  
t ion of c e r t a i n  suppor t  and se rv ice  functions to  nea rby  leased  fac i l i t i es  i s  
proceeding on schedule.  

APOLLO FACILITIES PLAN 

The following plant faci l i t ies  of North Amer ican  Aviation wil l  he 
involved in the overa l l  development,  fabr icat ion,  a s s e m b l y ,  t e s t ,  and 
checkout of the Apollo spacec ra f t  p rogram.  

Office and Design A r e a s  

The Apollo pro jec t  management  office will be located in  an  a r e a  
ad jacen t  to  the Apollo engineering operat ions of f ices  and design a r e a s .  
Off ice  space  wi l l  a l s o  be provided f o r  the NASA representa t ive  and h is  s taff ,  
a s  well  a s  r ep resen ta t ives  of major  S&ID cont rac tors .  
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Division Labora to r i e s  

S&ID's Space Sc ience ,  Engineer ing Development, Life Sc iences ,  and - 0  
Informat ion  Sys t ems  Labora to r i e s  will  expand to suppor t  the  Apollo p r o g r a m  
requ i r emen t s .  
expansion of ad jacent  l abora to ry  areas. 
house s o m e  of the advanced and expanded labora tory  functions.  
ul i t izat ion prac t icable  will  be made  of existing l abora to ry  fac i l i t i es  of 
North Amer ican .  The  Aerospace  Labora tory  and o the r  NAA Divis ions '  
highly spec ia l i zed  l abora to ry  faci l i t ies  will be uti l ized as requi red .  
Nor th  A m e r i c a n ' s  sonic  testing facil i ty a t  the Aerospace  Labora to ry  in 
El Segundo , Cal i forn ia  is planned to be modified to produce p r e s s u r e  leve ls  
up to 190 db f o r  Apollo testing. This  acous t ic  chamber  housing the world 's  
l a r g e s t  ca t ena ry  horn  will  provide s imultaneously acous t ica l  and mechanica l  
v ibra t ion  a t  e levated t empera tu res  for  Apollo development t e s t s .  

Some l abora to ry  functions will  be  re loca ted  to p e r m i t  
New fac i l i t i es  wil l  b e  r equ i r ed  to 

Maximum 

T h e  division l abora to r i e s  wil l  provide testing s e r v i c e s  f o r  r e s e a r c h  
and development  to  advance the s t a t e  of the a r t  in  prototype, des ign  proof,  
qual i f icat ion,  re l iab i l i ty ,  and  quality verification. Equipment  and  spacec ra f t  
s y s t e m s  in new and exis t ing North Amer ican  Aviation and government  
fac i l i t i es  wil l  be subjected to s imula ted  s e r v i c e  environments:  s t a t i c  and 
dynamic loads , t r ans i en t  t empera tu res  , acous t i c s ,  acce le ra t ion ,  shock,  
s a l t  s p r a y ,  humidity,  fungus,  s and  and dust,  s o l a r  radiat ion,  cold s ink  of 
space,  and alt i tude.  Division l abora to r i e s  for  conducting ana ly t ica l  and 
expe r imen ta l  s tud ies  on  physiological p r o c e s s e s  , behaviora l  p r o c e s s e s  , 
bio-as t ronaut ics ,  e tc .  , and fo r  developing spec ia l ized  h a r d w a r e  and tech-  
niques for life suppor t ,  s p a c e  s y s t e m s ,  flight s c i ences ,  etc. wi l l  be 
provided. 
development  i n  the f ie lds  of s e n s o r s  and pa t te rn  recogni t ion,  and  l abora to r i e s  
f o r  developing displays to develop components for  detection, t racking,  data  
p rocess ing  will  a l s o  be  provided. 

0 

Division l abora to r i e s  fo r  conducting appl ied r e s e a r c h  and  

Labora to ry  faci l i t ies  wi l l  be r equ i r ed  fo r  Guidance and Navigation 
Engineer ing ,  and they wi l l  be used t o  evaluate  components and subsys t ems  
of the Apollo guidance and navigation s y s t e m s .  The  L a b o r a t o r i e s  will  be  
use  f o r  design evaluation of a l l  in te r face  p rob lems  and equipment ,  for  
mechan ica l  and funct ional  compatibil i ty checks ,  and f o r  malfunct ion 
a n a l y s i s .  A s tabi i izat ion and cont ro l  s y s t e m s  l abora to ry  to synthes ize  
b readboard  t e s t s , f  to  evaluate  modulation s c h e m e s ,  to analyze t e s t s ,  and to  
eva lua te  switch logic i s  requi red .  
ver i f ica t ion ,  t rouble-  shooting, bench baintenance; for  evaluation of prototype 
GSE; and fo r  development evaluation. An anechoic chamber  and acous t ic  
f ac i l i t i e s  a r e  planned. 
to house  s p e c i a l  vibrat ion and shock equipment,  hazardous  t e s t s  ce l l s  fo r  
u l t r a -h igh  t e m p e r a t u r e s  , and p res su r i za t ion  s y s t e m s .  

This  l abora to ry  wi l l  be used  fo r  

A space  sys t em development l abora to ry  is planned 
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P l a n s  for  the construct ion of a company-financed, ha rd -vacuum space  
chamber  a t  North Amer ican  Aerospace  Labora to ry  a r e  near ly  complete .  As 
soon as the faci l i ty  is completed,  i t  wi l l  be  used to suppor t  the Apollo 
s p a c e c r a f t  p r o g r a m .  Scheduled date cvf complet ion is September  1962. The 
s t a in l e s s  s t e e l  chamber  will  be 15  fee t  i n  d i a m e t e r  and  26 feet  long, and it 
will  be housed in a 50 by 60 foot building. 
be 1 x 10- Additional s p a c e  envi ronment  equipment  
including a s o l a r  and  t h e r m a l  s imula tor  is planned to be housed a t  this 
facil i ty.  

0 

I t s  ul t imate  vacuum p r e s s u r e  wil l  
8 mm of m e r c u r y .  

E l e c t r i c a l  Power  Svs t em T e s t  F a c i l i t v  

A new faci l i ty  for  hazardous  tes t s  will  be provided for  e l e c t r i c a l  s y s t e m s  
development  t e s t s .  
re l ie f ,  and  the  n e c e s s a r y  equipment will  be incorpora ted  a s  a p a r t  of the t e s t  
cell .  It will  include a 
500 s q u a r e  foot  t e s t  ce l l  flanked by two 200 s q u a r e  foot s to rage  a r e a s  f o r  
gaseous  oxygen and  hydrogen, and  l iquid ni t rogen.  Explosion proof viewing 
po r t s  will  be ins ta l led  in the protective w a l l  between the t e s t  c e l l  and  the 
cont ro l  room.  
a c ;  and  a 400 volt ,  60 cycle  a c  with explosion proof e l ec t r i ca l  ou t le t s .  

The  t e s t  ce l l  w i l l  be  cons t ruc ted  for  fire and p r e s s u r e  

The faci l i ty  w i l l  be approximately 2025 s q u a r e  feet .  

P o w e r  requi rements  demand a 2 8  volt  dc;  a 100 volt ,  60 cycle 

Water  Impact ,  Flotation, and  Recovery T e s t s  

F r o m  August 1962 though September  1963, a test  s i t e  is r e q u i r e d  to 
0 

comple te  land and  water  impact ,  r ecove ry  a ids ,  wa te r  e g r e s s ,  flotation, and  
log is t ics  r e c o v e r y  t e s t s .  
conditions approximating expected wa te r  landing environments  will  r e q u i r e  
ac tua l  ocean  testing. 
ind ica tes  the possibi l i ty  of  using the Naval t e s t  s i t e  a t  Point  Mugu, Cal i fornia  
fo r  conducting these  t e s t s .  
monitor ing post-landing r ecove ry  and pe r fo rmance  of surv iva l  a ids  and 
checking vehic le  seawor th iness  for 7 days.  

The conduct of the wa te r  impact  t e s t s  under 

P r e l i m i n a r y  invest igat ion of loca l  t e s t  faci l i t ies  

At l ea s t  one of the t e s t  sequences wil l  cons i s t  of 

Compute r  and  Simulation Faci l i tv  

Although S&IDts  computer  facil i ty is  wel l -balanced f r o m  a n  opera t iona l  
and  envi ronmenta l  standpoint a n  IBM 7090 digital  computer  and five addi- 
t ional  s ec t ions  of a n  Analog computer  will  b e  provided on the s i t e  until a 
planned s imula t ion  and information process ing  c e n t e r  is completed.  

P r i o r  to the completion of this new facil i ty,  a n  a r e a  will  be al located 
next  to the exis t ing computer  facil i ty to a l low Analog computer  t i e - in  with 
the s e m i - h a r d  mockup and with the life sc i ence  mockup. 
and  s i m u l a t o r s  will  be  re loca ted  to the new simulat ion and informat ion  
process ing  c e n t e r  which w i l l  a l so  have the following additional s imulat ion 

These  compute r s  

0 
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fac i l i t i es .  Two engineering s imula to r s  of Apollo command modules  will  
be provided for  m i s s i o n  s imulat ion including rendezvous,  e a r t h  and lunar  
o rb i t ,  l una r  landing, e tc .  A planetar ium, v isua l  s imulat ion l abora to ry ,  
observa t ion  room,  environmental  chamber ,  att i tude cont ro l  s imula to r ,  
navigational a ids  area, a e r o  ground equipment  area, flight table  a r e a ,  
fabr ica t ion  ca l ibra t ion  area, a n  at t i tude and cont ro l  s y s t e m s  t e s t  ce l l ,  and 
a con t ro l  cen te r  area will be  provided to suppor t  the total  mi s s ion  
s imula t ion  s tudies .  

0 

Data Ground Stat ion 

A new P C M / P A M  data acquis i t ion and p rocess ing  s y s t e m  wil l  be 
ins ta l led  in Building No. 6 ad jacent  to the F i n a l  Assembly  and S y s t e m s  
In tegra t ion  Fac i l i ty .  The  ground s ta t ion and computer -p lo t te r  area wil l  be 
noise  control led and wil l  have a r a i s e d  floor fo r  cable  d is t r ibu t ion  and for  
instal la t ion of a i r  conditioning plenum c h a m b e r s .  An observa t ion  area will  
be provided f o r  display of r e a l t i m e  data.  
fo r  data  review and s to rage  r o o m s ,  project ion and d a r k  r o o m s ,  s p a r e  p a r t s  
and raw material s to rage ,  and offices.  
ground s ta t ion  wil l  include the instal la t ion of the r a i s e d  f loor ;  a i r  condition- 
ing for  c lean,  t e m p e r a t u r e ,  and humidity control led a i r ;  acous t ic  wal l s  and 
ce i l ings  f o r  no ise  cont ro l ;  and regulated and unregulated power.  

The  ad jacent  a r e a  wi l l  be provided 

T h e  building modification for  the new 

Subassembly ,  Assembly ,  and Mockup 

Approximately 19 mockups of var ious configurations fo r  engineering 
evaluat ion will  be  fabr ica ted  in  the high-bay manufacturing a r e a .  
mockups will  be used  to evaluate  physical  s i z e  and s p a c e  provis ions of each 
des ign  object ive . 

The 

A s e p a r a t e  a r e a  wi l l  be provided fo r  mockups a f t e r  fabr ica t ion  for  
des ign  engineer ing evaluation review.  
the l a t e s t  engineer ing changes and concepts.  

Mockups will  be up-dated to r e f l ec t  

T h e  mockup a r e a  will  be equipped with modern  shop equipment  and 
fac i l i t i es  r equ i r ed  to  build and maintain mockups of wood, f i be rg la s s ,  and 
meta l .  

Fab r i ca t ion  and re furb ishment  of the boi lerplate  and prototype command 
modules ,  s e r v i c e  modules ,  spacec ra f t  adap te r s ,  and launch e scape  tower 
s y s t e m s  will  be accomplished i n  the high- bay manufacturing a r e a  of Building 
NO. 1 under  a n  exis t ing 14,000-pound br idge  c r a n e  s y s t e m .  
p e r m i t  the uti l ization of existing faci l i t ies  and equipment.  

This  wil l  
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Boi le rp la te  F ina l  Assembly  and ChecKout 0 
Bench maintenance , boilerplate  s u b s y s t e m s  a s sembly ,  boi lerplate  f inal  

a s sembly ,  and  checkout operat ions will  b e  init ially pe r fo rmed  in  Building 
No. 1. 
c lean  t empera tu re -  control led a r e a  ad jacent  to the manufactur ing high-bay. 
Sys t ems  ver i f ica t ion  tes t s  wil l  be conducted in  this area. This  opera t ion  
wil l  be  re loca ted  adjacent  to the manufactur ing final a s s e m b l y  a r e a  when 
the addition to Building No. 6 is  completed.  

T h e  bench maintenance operat ion will  be located in  a n  existing 

Subsys t e m s  a s s e m b l y  operat ions will  be conducted in  the ad jacent  
low-bay a r e a .  
this  a r e a  p r i o r  to install ing them in  the boi lerplate  modules.  

Mechanical  and e l ec t r i ca l  subsys t ems  will  be a s s e m b l e d  i n  

The  instal la t ions of subsys t ems  and  components will  be accompl ished  
Br idge  c r a n e s  to suppor t  this i n  a n  existing high-bay manufacturing a r e a .  

ope ra t ion  a r e  avai lable .  

The  mating of the modules and e s c a p e  tower,  the checkout of the va r ious  
s y s t e m s ,  and  the checkout of the ins t rumenta t ion  a r e  planned to be accom-  
pl ished by using the existing hydrostat ic  t e s t  tower.  This  1 1 0  foot tower is 
equipped with a br idge c r a n e  capable of handling the modules .  
equipment  will  be provided to checkout the subsys t ems  and ins t rumenta t ion  
for this o p e r a  tion. 

Power  and  

E l e c t r i c a l  and Elec t ronic  Assemblv ,  Tubing, and GSE 

E l e c t r i c a l  and  e lec t ronic  a s sembly ,  tubing and GSE fabricat ion a re  
planned to be accompl ished  a t  the Slauson Facil i ty,  a local ly  l ea sed  facil i ty.  

T h e  function of this a r e a  will be  to a s s e m b l e  e lec t ronic  modules  and 
This includes all solder ing h a r n e s s  jigging, e l e c t r i c a l  w i r e  a s s e m b l i e s .  

module and black box assembl ing ,  functional checkout,  and environmental  
checkout.  

Fabr ica t ion  of GSE includes the fabricat ion of consoles  (welding, 
r ivet ing,  and m e t a l  f i t t ing),  the a s s e m b l y  of e l ec t r i ca l  and mechanica l  
modules  which become a p a r t  of the consoles ,  the functional checkout of 
t h e s e  modules ,  and the installation of modules  into the consoles .  The 
ccmple t e  functional GSE includes s l i ngs ,  dol l ies ,  t r a n s p o r t e r s ,  check 
f ix tu re s ,  adap te r s ,  and specif ic  packaging i t ems .  

Fabr ica t ing  tubing includes such  operat ions as cutt ing,  bending, f la r ing ,  
welding, and cleaning. 
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This  fac i l i ty  will  have e lec t ronic ,  hydraul ic ,  and pneumatic  ca l ibra t ion  
equipment and environmental ly  control led a r e a s  to comply with design 
specif icat ions.  

Tra in ing  Equipment  

I t  is planned that Apollo t ra in ing  equipment wil l  be f ab r i ca t ed  and 
checked out in the manufactur ing a r e a s  in  Building No. 1. Both 20-and 
35-foot bay height areas wil l  be requi red  f o r  equipment ins  ta l la t ion,  
mat ing,  and  checkout.  

Subassembly  and checkout of e l ec t r i ca l ,  pneumatic,  and hydraul ic  
s y s t e m s  will  be  accompl ished  i n  c lean enclosed a r e a s  to prec lude  contamin-  
a t ion of s y s t e m s .  Fabr ica t ion  of t r a i n e r  s t r u c t u r e s  wil l  be accompl ished  
with the newes t  types of equipment and faci l i t ies  avai lable  to maintain the 
lowes t  c o s t s  possible  and to maintain quali ty a s su rance .  

F ina l  a s sembly  and checkout will  be per formed in a high-bay a r e a  with 
br idge  c r a n e  coverage  f o r  mat ing operat ions and m a t e r i a l  handling. Special  
power r e q u i r e m e n t s  compatible  with design specif icat ions fo r  t r a i n e r  
opera t ions  and checkout will  be provided. 

It is  planned to  provide s p a c e  in  Building No .  3 for  t ra ining opera t ions ,  
which wi l l  include t ra ining c l a s s r o o m s  and  a n  a r e a  to house  maintenance 
t r a i n e r s  with a s soc ia t ed  ground support  equipment.  

Bonding and T e s t  Fac i l i ty  

A new building will  be cons t ruc ted  to house the Apollo bonding and t e s t  
ope ra t ions .  
s t e e l  f r a m i n g  with insulated cor ruga ted  m e t a l  siding and a re inforced  
conc re t e  f loor .  Br idge  c r a n e  coverage  wil l  be provided. 
b e  100 by  180 by 50 feet and wil l  have an  ad jacent  office and suppor t  area, 
30 by 180 by 24 feet .  This  faci l i ty  will be used  fo r  cleaning the a luminum 
honeycomb and  facing shee t s ,  prebond pr iming ,  p repa ra t ion  of honeycomb 
and  adhes ives  p r i o r  to bonding, layup of honeycomb panels ,  bonding, and 

Th i s  new 23, 400-square- foot  building will  cons i s t  of s t r u c t u r a l  

This  building will  
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ul t rasonic  inspect ion of the bond, 
hydros ta t ic  and he l ium leak  checking the command modules .  
area wil l  be  t e m p e r a t u r e  and humidity cont ro l led  and will  contain autoclaves 
and adequate  r e f r ige ra t ion  fo r  s tor ing  adhes ives .  

An a r e a  will  a l s o  be included f o r  
The  bonding 

Radiographic  Fac i l i ty  

The  existing 1920-square-foot  X - r a y  fac i l i ty  wil l  r e q u i r e  a 1920-square-  
foot addition to  suppor t  the Apollo radiographic  inspect ion r equ i r emen t s .  
This  addition will  be a 2 4 -  by- 80-foot co r ruga ted  m e t a l  building with a 15- by 
15-foot sl iding door a t  each end. 
f loor  to a 10-foot height, and w i l l  conform to AEC Handbook 60. 
expanded faci l i ty  will  be uti l ized fo r  all rad iographic  inspect ion fo r  
product ion fusion welds,  purchased  e l e c t r i c a l  and e lec t ronic  components ,  
and a s s e m b l i e s  and will  a l s o  be uti l ized by Mate r i a l s  Review for  Evaluat ion 
of s u s p e c t  areas o r  i t e m s ,  Complete  X - r a y  film process ing ,  evaluation, 
and s t o r a g e  capabi l i t ies  are  pa r t  of this  faci l i ty  and will  be employed fo r  
Apollo suppor t .  

A l l  fou r  wal ls  will  be lead- l ined  f r o m  the 
This  

Sys t ems  Integrat ion and Checkout Fac i l i ty  

The  planned fac i l i t i es  f o r  support ing the  fl ight acceptance ,  and s y s t e m s  
in tegra t ion ,  and manufacturing f inal  a s s e m b l y  ac t iv i t ies  will  be combined 
into a new addition to Building No. 6, USAF P lan t  No. 16. 

Manufacturing F ina l  Assembly  A r e a  

The final a s s e m b l y  opera t ion  will  cons is t  of components  and s y s t e m s  
ins ta l la t ion  in  the  command modules ,  the s e r v i c e  modules ,  and  the  space  
adap te r s .  
bas i s  wil l  be conducted as requi red .  The instal la t ion and  opera t ions  will  
be  conducted in  a n  environmental ly  control led a r e a  as r e q u i r e d  by appl icable  
specif icat ions.  

Funct ional  checkout of components and s y s t e m s  on a n  individual 

Subsys tems a s sembly  will  cons i s t  of manufactur ing a s s e m b l y  opera t ions ,  
s u c h  as components and s u b s y s  t e m s  which r e q u i r e  a cont ro l led  environment .  
This  cpe ra t i en  wil l  he located to provide t r a n s f e r  of a s s e m b l i e s  d i rec t ly  
into f ina l  a s s e m b l y ,  
and s y s t e m s  degradat ion.  

A i r  showers  and c l ean  rooms  will  p revent  component 

Combined s y s t e m s  checkout will  be conducted upon complet ion of the 
This  a r e a  will individual modules  i n  a n  environmental ly  control led area. 

contain equipment f o r  conducting s imula ted  flight a t t i tudes.  
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Sys tems  integrat ion wil l  be  conducted in  a n  a r e a  ad jacent  to combined 

All  mat ing and breakaway points wil l  be checked,  and 
0 s y s t e m s  checkout opera t ions ,  

individual modules .  
e l ec t ro -mechan ica l  continuity wil l  be establ ished.  
environmental ly  controlled.  

This  opera t ion  will  include mating of the 

This  a r e a  will  a l s o  be 

S y s t e m s  ver i f ica t ion  t e s t s  will  be conducted i n  the bench maintenance 
a r e a  to de t e rmine  the extent  of the rework r equ i r ed  on  s y s t e m s  o r  compon- 
en ts  (vendor  and G F A E ) ,  which have been r emoved  f r o m  the modules  fo r  
maintenance opera t ions .  This  area will contain environmental ly  control led 
areas for s y s t e m s  checkout. 
provided. 

A r e a s  to house vendor  r ep resen ta t ives  will  be  

The  cont ro l  r o o m s ,  which will  house t e s t  equipment complexes for  the 
checkout opera t ions ,  will  be adjacent  to the spec i f ied  opera t iona l  a r e a s ,  
T h e s e  r o o m s  will  be t empera tu re  and humidity control led.  

A ca l ibra t ion  r o o m  wil l  be provided for  ca l ibra t ing  t e s t  equipment to be 
used  i n  suppor t  of f inal  a s sembly ,  combined systems checkout,  and in tegra ted  
s y s t e m s  checkout. 
and s y s t e m s  r e q u i r e d  for f inal  assembly  and checkout.  A i r  showers  will  be  
placed ad jacent  to  this  r o o m  to inhibit o r  prevent  degradat ion to the environ-  
menta l lv  cont ro l led  rooms.  

A s tock room will be provided to house all components 

Fl ight  Acceptance  and Sys tems  Integration A r e a  0 
The  planned location of this a r e a  and wil l  be ad jacenl  to 

the manufactur ing f ina l  a s sembly  a r e a ,  wi l l  p e r m i t  min imum handling of 
the modules  under  cont ro l led  environment  and max imum util ization of the 
high-bay area. 
humidi ty  cont ro l led  to e l imina te  possible contamination. 
provided a t  ail en t r ances  and ex i t s  to control led a r e a s .  

Adjacent suppor t  a r e a s  w i l l  be dus t  and t empera tu re -  
A i r  locks will be 

Con t ro l  r o o m s  will  be located to provide v isua l  check as well  as da ta  
monitor ing of ins t rumenta t ion  cal ibrat ion and checkout 
s y s t e m s  check,  
and loca ted  f o r  maximum util ization and radiat ion control .  

and combined 
E lec t ron ic  labora tor ies  and sh ie lded  a r e a s  will  be designed 

A s e p a r a t e  area will  be provided to handle l iquid and gaseous t r a n s f e r  
Hazardous  s t o r a g e  w i l l  be provided in  a r e m o t e  a r e a .  equipment .  

P ropu l s ion  S y s t e m s  Development Faci l i ty  

T h i s  faci l i ty  is to be located in  an existing area a t  North Amer ican ' s  
Solid P ropu l s ion  P lan t  a t  McGregor ,  Texas  (USAF P lan t  No. 66). The t e s t  
area is planned so  tha t  tes t ing operat ions wil l  ne i ther  jeopard ize  nor  
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i n t e r f e r e  (nor  be  subjec t  to i n t e r f e rence )  with the Apollo p r o g r a m  o r  the 
o the r  p r o g r a m s .  
pa rag raphs .  

Major  facil i ty r equ i r emen t s  a r e  desc r ibed  in the following 

T e s t  Stand 

A new s t r u c t u r e  will be constructed to suppor t  the A F O ~ ~ O  spacec ra f t  
a n d / o r  s y s t e m s  during the var ious  t e s t s .  
suppor t  comple te  s y s t e m s  compatibil i ty tes t ing under hot-f i r ing conditions,  
P rov i s ions  will  be made  to contain the e scape  tower following jett isoning 
f r o m  the spacec ra f t  during development t e s t s .  
ins ta l led  to s e r v i c e  the spacec ra f t  and provide umbi l ica l  connections to 
s imula te  launch conditions. 
spacec ra f t  with a hois t  A t e rmina l  r o o m  will 
be cons t ruc ted  at the  s tand  to provide for  s h o r t - r u n  cables  connecting the 
long-run cab le s  f r o m  the  control  cen te r  to the Spacecraf t .  
b e  ins ta l led  o v e r  the flame bucket to suppor t  the s p a c e c r a f t  and th rus t  
measu r ing  devices  will  be added to m e a s u r e  engine reac t ion  and thr-st .  
The  s t and  wil l  p e r m i t  full engine gimbaling, 
ins ta l led  on the br idge  c r a n e  to provide c r e w  a c c e s s  to the command 
module. 
of danger .  A ground cont ro l  s ta t ion  will  be cons t ruc ted  to house the 
propel lan t  t r a n s f e r  units that wil l  be used  to check out the spacec ra f t  
propuls ion s y s t e m s  p r i o r  to s t a t i c  fir ing t e s t s .  
ins ta l led  to pro tec t  the spacec ra f t  and s tand  f r o m  damage  resul t ing f r o m  
sp i l lage ,  f i r e ,  and  explosions. 

Fac i l i t i es  wil l  be provided to 

An umbi l ica l  boom will b e  

A bridge c r a n e  will  be  provided to position t h e  
to place the e scape  tower.  

A n  adapter  will 

An air lock chamber  will be 

An e m e r g e n c y  exi t  wil l  be  posit ioned by the e scape  hatch in c a s e  

A F i r e x  s y s t e m  will  be 

Con t ro l  and Ins t rumenta t ion  Center  

A new building will  be cons t ruc ted  for  t e s t  conduction and data  
acquis i t ion equipment and act ivi t ies .  
consoles .  
s tand  during ac tua l  f ir ing will b e  instal led.  
record ing  equipment  to handle approximate ly  500 measu remen t s  f r o m  
ex te rna l  power on  the spacec ra f t  during the t e s t  r u n s .  
be  air conditioned to provide for  p rope r  opera t ion  o i  equipment and 
pe r  s o nne i. 

Room will be provided for  20  two-bay 
A c losed-c i rcu i t  te levis ion s y s t e m  for  observat ion of the tes t  

P rov i s ions  will  be made f o r  

This building wiil 

Se rv ice  Building 

A new 2 2 ,  000-  square- foot  gene ra l  purpose  building will  be cons t ruc ted  
t o  provide faci l i t ies  fo r  spacec ra f t  and ground suppor t  equipment g r e p a r -  
a t ion and  maintenance It w i l l  be located 
a t  a s a f e  d is tance  f r o m  the s tand  and will  be provided with s e p a r a t e  a r e a s  

and  office s p a c e  for personnel .  

f o r  the following: 
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1. Servicing of i n s t rumen t s  and cont ro ls  f r o m  the spacec ra f t  and 
cont ro l  cen ter  and the p repa ra t ion  of spec ia l  ins t rumenta t ion  
se t -ups  for  m e a s u r e m e n t s  of t e m p e r a t u r e ,  p r e s s u r e  e l ec t r i ca l ,  
vibration, and acous t ics  f r o m  ex te rna l  points on the spacec ra f t .  

0 

2. Sys t ems  prepara t ion ,  which will  al low a s s e m b l y ,  checkout,  or  
r ework  of the  exis t ing s y s t e m s  o r  components p r i o r  t o  instal la t ion 
o r  after r e m o v a l  f rom the  spacecraf t .  
f luid,  and propuls ion s y s t e m s ;  o r  e l ec t r i ca l ,  e lec t ronic ,  and 
instrumentat ion components.  

T h e s e  wil l  include mechanica l ,  

3 .  Ground support  equipment s to rage ,  se rv ic ing  and r e p a i r .  This  
includes supporting tool c r i b ,  p a r t s  s to rage ,  and m e t e r  room.  

4. Environmental ly  control led a r e a  to house the spacec ra f t  during 
m a j o r  modification, instrumentat ion,  and modification of the  
spacecraf t .  A high-bay a r e a  is r equ i r ed  for  t h i s  operat ion.  

5. N e c e s s a r y  ut i l i t ies ,  conditioned a r e a s ,  and building facilities 
r equ i r ed  for  the operat ions involved. 

6 .  Office space for  t e s t  personnel .  

0 Liquid and G a s  S torage  and T r a n s f e r  

Fac i l i t i e s  will be instal led to s t o r e  and t r a n s f e r  al l  liquid and  gas  
propel lan ts ,  p r e s s u r a n t s ,  fuels  and r e f r i g e r a n t s  for  the usage  r equ i r ed  
with the n e c e s s a r y  t r ans fe r  equipment for loading the spacec ra f t .  
Adequate  protect ion wil l  be provided for both pe r sonne l  and equipment  
at the t r a n s f e r  points .  

Sol id-Engine and Igni ter  S torage  

A faci l i ty  wil l  be provided a t  a safe  dis tance f r o m  the complex  fo r  the 
s t o r a g e  of sol id  engines ,  solid propel lan ts ,  and ign i te rs .  Th i s  faci l i ty  
wi l l  be in  acco rdance  with the present ly  accepted c r i t e r i a  for  this  type of 
s t o r z g e  and wi!! include t he  n e c e s s a r y  safeiy considerat ions.  

Fac i l i t i e s  

T h e  n e c e s s a r y  r o a d s ,  grading,  embankments ,  wa te r ,  sewage,  and 
e l e c t r i c a l  s e r v i c e s  wi l l  be  provided for th i s  test facil i ty.  
cons idera t ions  will  be  followed. 

S tandard  safe ty  
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11. TEST AND RANGE FACILITIES 

Successfu l  development of the Apollo spacec ra f t  depends upon a c c a r a t e  
knowledge which is gained f r o m  data that  have been obtained through wrell- 
managed  t e s t  p r o g r a m s .  
vendors ,  supp l i e r s ,  and  subcont rac tors  w i l l  be uti l ized to  the fullest  extenr. 
during the development  t e s t  p rogram.  T h e s e  faci l i t ies  will  be augmented, 
where  n e c e s s a r y ,  by exis t ing government  faci l i t ies  and by new t e s t  
faci l i t ies .  

The tes t  faci l i t ies  present lv  avai lable  a t  IVAA, 

AERO-THERMODYNAMIC TESTING 

A highly concentrated , t h ree -phase ,  a e r o  - thermodynamic  t e s t  p r o g r a m  
is proposed  fo r  the Apollo spacecraf t  des ign  and development  as  follows: 

1. P r e l i m i n a r y  Design Data. P a r a m e t r i c  s tud ies  on s m a l l  models  
i n  readi ly  access ib l e  wind tunnels.  

2. Design Evaluation. Data taken with l a r g e r  models  a t  Reynolds 
n u m b e r s  m o r e  closely approaching flight conditions. 

3 ,  Design P r o b l e m  Inxrestigations. T e s t s  to  be conducted to study 
detai l  p rob lems  d iscovered  during 1. and 2. 

The  r ecommended  wind tunnel faci l i t ies  requi red  to  accompl ish  this  
p r o g r a m  a re  l i s t ed  i n  Table  1.  

PROPULSION SYSTEM DEVELOPMENT 

An al t i tude-simulat ion firing facil i ty is  r equ i r ed  f o r  propulsion s y s t e m s  
development  and proof- tes t  hot f ir ing t e s t s .  
the  new AEDCJ-4  alt i tude t e s t  cel l ,  which is scheduled fo r  completion 
i n  e a r l y  1963. 
will  be t e s t ed  in  the c h a m b e r  under fir ing conditions using flight nozzles.  
T h e  c h a m b e r  is approximately 90 feet  i n  d i ame te r  and  200 feet  i n  length. 
T h e  basic facil i ty e l emen t s  r equ i r ed  for the s p a c e c r a f t  tes t ing will  be 
similar to  the sea- level  faci l i ty  with the following two exceptions: 

The p r e s e n t  plan is to  use  

The  comple te  spacecraf t ,  including the launch escape  sys t em,  

1. T e t h e r e d  launch e scape  system test ing will not be per formed.  
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Table 1. Recommended Wind Tunnel Test  Facilities 

Facility 

North American 
Aerodynamic. Laboratory 

North Americ8n Avi8tion. 
Supersonic Aerophysics 
Laboratory 

North h e r i c M  Aviation. 
Trimonic Wind Tunnel 

Jet Propulsion LAboratOry 
20 in. Supersonic 

Jet Propulmion LAboratOry 
21 in. Hypersonic 

Langley 8-11. Transonic 
Tunnel 

Langley Unitary Plan 
Wind Tunnel 

Ames Unitary Plan Wind 
Tunnel 

Ames Prototype Hyper- 
sonic Free Flight Facility 

A m e a  6 in. Arc Je t  

AEDC Tunnel A-40  

AEDC Tunnel 8 - 5 0  

AEDC Tunnel C-HI 

Arnold Engineering 
Development Center 
Hotmhot ll 

Ballistic Rese8rch 
Laboratory Transonic 
Range 

Cornell Aeronautical 
Laboratory Shock Tunnel 

Lewis 10 f1. by 10 ft. 

-Lawis 8 It. by 6 f t .  

Abbreviation 

SAL 

TWT 

J P L  20 in. 

J P L  21 in. 

LTPT 

LUPWT 

AUP 

ABR 

A6 in. AJ 

AEDC A 

AEDC B 

AEDC C 

AEDC HSII 

BRL T 

CAL ST 

L10 It. by 10 It.. 

L 8 It. by 6 ft. 

Mach Ranae 

Submonic 

0.7. 1.6-3.25 

0.2-3.5 

1.3-5 

5-9.5 

0.25-1.2 

1.4-5 

0.7-3.5 

30,000 FPS 

12. I4 

1.5-6 

8 

10. I2 

16-21 

0.5-2.0 

6-20 

2-3.5 

0.7-2.2 

St.8. 
Premm 
(psis.) 

15 

1s 

15-110 

2-60 

20-600 

5-15 

30-55 

29-35 

1-200 

100 -800 

I 75- 24oa 

16.100 

!4- .?5  

15.6-25 

70  

70 

70 

1 I O  

100- I200  

125 

150 

1 LO 

900 BTU/L: 

70-310 

900 

1500 

5400 

120-330 

138-200 

RelFI  
by 1s6 

1.9 

2-4.6 

5-14 

0.4-6 

0.25-3.6 

0.6-2.5 

5-11 

3-9 

0.3-9.5 

0,4-3.3 

0.3-3.1 

0.21-.55 

0.5-1.0 

0.002-28 

2.2-3.2 

4.2-4.8 

T w  

Continuous 

Blowdown 

Blowdown 

Continuous 

Continuous 

Continumi 

Continuous 

Continuou? 

Free  flisht 

Continuous 

Continuou. 

Continuou. 

Continuous 

Impulme 

Free  flight 

1mpul.e 

Cunimuoue 

Continuoum 

Test Section 

8 ft. bv 11 It. 

16 in. by 16 in. 

7 It. by 7 ft. 

20 in. by 20 in. 

2 1  in. Diameter 

8 It. by 8 A. 

4 it. by 4 ft. 

I 1  ft. by 11 ft.. 
9 ft. by 7 ft..  
8 ft. by 7 ft. 

0.45 in. 
Diameter Model 

6 in. Diameter 

40 in. by 4 0  in. 

50 in. Diameter 

50 in. Diameter 

50 in. Diameter 

6 in. Diameter 
Model 

24 in. Diameter 

iG it .  by i S  fi. 

8 ft. by 6 ft. 
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2. Crew-loading capsule  environment  will not be requi red .  

The  AEDC facil i ty is a n  Air  F o r c e  facil i ty;  therefore ,  coordination 
through Apollo p r o g r a m  channels will be required.  

WALLOPS ISLAND 

The  purpose  of the Li t t le  Joe  I flight t e s t  is to evaluate  the ea r ly  
m i s s i o n  abor t  s y s t e m  o r  launch e scape  sys t em.  
by the cont rac tor  i n  two gene ra l  ca tegor ies :  the f irst  a t  the end  of boos te r  
burnout  and the second a t  maximum dynamic p r e s s u r e  conditions.  These  
tests will  be conducted a t  the KASA t e s t  facility at  Wallops Is land,  Virginia ,  
during the first q u a r t e r  of 1963. 
Edwards  t e s t  facil i ty a r e  possible  a l t e rna te  s i tes .  
Little J o e  t e s t  vehicles  equipped with boi lerplate  command modules ,  will 
be  t e s t ed  during th i s  phase.  Office space ,  maintenance a rea ,  checkout 
area,  and launch complex  a r e  requi red  to  suppor t  these  tests. 

These  t e s t s  will be conducted 

White Sands Miss i le  Range ( W S M R )  o r  
A min imum of two 

ATLANTIC MISSILE RANGE 

P r e p a r a t i o n  and  checkout operat ions on the spacec ra f t  a r e  divided 
into the following s ix  gene ra l  ca tegor ies :  

Receiving inspection and prepara t ion  f o r  checkout 
Functional checkout (individual s y s t e m s  horizontally 

Altitude c h a m b e r  checks 
Stat ic  f i r ing 
Simulated countdown and launch for  in tegra ted  s y s t e m s  

(ver t ical ly  mated)  
Launch pad oper  a t '  ions 

ma ted )  

T h e s e  r equ i r emen t s  plus the se rv ice  areas  a r e  shown in  Table  2. 

P r e p a r a t i o n  for  Checkout 

. .  The  rnoddes  w i l l  first en te r  the rece:vir,g inspect ien and p repa ra t i en  
a r e a  fo r  checkout. A receiving inspection and configuration review,  dowr? 
to  the subsys t em module leve l ,  w i l l  be pe r fo rmed  in this a r e a .  
suppor t  equipment w i l l  a l s o  undergo similar checks.  
a r e a  is  r equ i r ed  for  this  operation. 

Ground 
A c l e a r  "white-room' '  

Funct ional  Checkout 

Functional checkout operat ions will r equ i r e  horizontal  mat ing o r  
interconnect ing of the spacecraf t  modules  and ground suppor t  equipment 
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r equ i r ed  for  s e rv i ce ,  command, and s y s t e m  ana lys is .  A c l e a r  a r e a  with 
white- r o o m  
s q u a r e  f e e t  wi l l  be r equ i r ed  for  functional checkout. 

specif icat ions i s  requi red  for  th i s  a r e a .  Approximately 10, 000 

Altitude Chamber  Checks 

The  spacec ra f t  w i l l  undergo a s e r i e s  of checks  i n  a n  alt i tude chamber  
t o  v e r i f y  the h e r m e t i c  proper ty  of the command module before  and a f t e r  
static-fir ing.  Two alt i tude-chambe rs with control  a r e a s  and vibrat ion 
s ta t ions  will be requi red .  

S ta t ic  F i r ing  

Af te r  the alt i tude chamber  checks have been completed,  the space-  
c r a f t  will be moved to  the s t a t i c  firing a r e a .  A t e s t  s tand wil l  be r equ i r ed  
for  the ve r t i ca l  ma ted  module f i r ing ,  
c ryogenics ,  gas ,  e tc .  A control  room wi l l  be r equ i r ed  with the capabili ty 
to  run f i r ings  f r o m  the control  room or  the command  module. 

S torage  wi l l  be r equ i r ed  for  propel lants ,  

Si  mula t e  d Count down 

Following s t a t i c  f i r ing and alt i tude chamber  checks ,  the spacec ra f t  is 
The t e s t  configuration wi l l  cons i s t  moved to  the ve r t i ca l  checkout facility. 

of an  S-I s imula to r ,  a n  S-IV s imula tor ,  the adapter ,  s e rv i ce  module, 
command  module, and e scape  tower,  
and wi l l  be followed by a s imulated flight. 

A s imula ted  countdown wi l l  be pe r fo rmed  

Launch P a d  Operat ions 

Con t rac to r  r equ i r emen t s  a t  the launch s i t e  includes space  in the 
control  cen te r  for  ground support  equipment pecul ia r  to the operation for  
the s p a c e c r a f t ,  and provis ions on the gantry and umbilical  towers  for  the 
handling and serv ic ing  functions. 

GROUND OPERATION SUPPORT SYSTEMS 

Grourid operat ion support  sys t ems  wi l l  provide support  to Apollo flight 
ope ra t ions  by predict ing and monitoring vehicle t r a j e c t o r i e s  f r o m  launch to  
recovery ,  by monitor ing c r e w  s t a tus  and vehicle s y s t e m s  per formance ,  by 
maintaining the vehic le -ear th  communication and data  l inks ,  and by main-  
taining a cent ra l ized  control  of the GOSS stat ions.  

GOSS s ta t ions  will be located and equipped to provide maximum contact 
with manned o rb i t a l  f l ights ,  t racking and communicat ions during injection 
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'L 
and  r e e n t r y ,  
fo r  landing and r ecove ry  opera t ions  for  a three-orbi t  flight. 
wil l  be p r e p a r e d  f o r  one- o r  two-orb i t  f l ights .  

The s ta t ions  at the p r i m a r y  r ecove ry  s i t e s  wil l  be p r e p a r e d  
Al t e rna te  s i t e s  

GOSS p e r f o r m a n c e  and equipment r equ i r emen t s  will  be specif ied to 
NASA by S&ID and implemented by a NASA subcont rac tor .  
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